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Introduction

Abstract

The exocrine pancreas as a model system
Pancreatic
acinar
cells are thought to use
calcium as a second messenger
because
the
ionophore A23187 is able to increase
enzyme
release from these cells
in the presence of
extracellular
calcium
(4,6, 14,51,56),
Physiological secretagogues initiate
a rise 2in
cytosolic
calcium and rapid increase of Ca efflux (5,29,36)
and stimulate
enzyme release
even in the absence of extracellular
calcium
(1,5,41,52),
This indicates
that intracellular
stores
liberate
calcium upon stimulation
(49),
Various techniques have been used in an attempt
to
identify
these
intracellular
stores
(8,9, 10, 11, 13,25,29) and different
organelles
have been identified
as calcium stores, i.e.,
mitochondria, microsomes and cell membranes. To
which
extent
the
different
subcellular
compartments are involved in calcium storage
and
calcium release
is still
controversial.
Since
studies of ion transport in insect salivary gland
employing EPXMAhave proved the validity of the
technique (18, 19,21), it has been used to analyse
the elemental distribution
in acinar cells of rat
exocrine pancreas (31,43,44,45) before and after
cholinergic stimulation,
Preparation methods
The purpose of conventional
preparative
techniques
is not
to
leave
the
chemical
composition of the specimen unchanged but to
preserve
ultrastructural
details,
Preparation
methods maintaining the chemical integrity of the
sample often result
in reduced morphological
information
and the choice of technique depends
on factors such as instrumentation,
nature of the
elements
of
interest
within
the
sample,
morphological and analytical
resolution,
Using
wet chemical methods to prepare specimens for
EPXMA
it is not possible to rule out loss and/or
translocation
of diffusible
elements, In a few
cases methods used for morphological
electron
microscopy employing liquid fixatives,
embedding
media and sectioning onto a liquid
surface
are
applicable
for EPXMAstudies,
e,g,,
for the
identification
of precipitates
(3,24,25),
In
order to avoid the dehydration steps and improve
the preservation of electrolytes.Yarom
et al,(58)
used a water soluble urea/glutaraldehyde
mixture
as embedding medium for skeletal
muscle and

Pancreatic
acinar
cells
are thought to
secrete a fluid containing digestive
enzymes and
electrolytes
and use e,g,
calcium as a second
messenger upon stimulation,
Together with their
pronounced morphological polarity,
they provide a
model system to study the effect
of different
preparation
methods for quantitative
biological
electron probe X-ray microanalysis
(EPXMA) of
ultrathin
sections,
Several preparation methods
i,e,,
freeze-drying
and
plastic-embedding,
freeze-substitution
(2 days) and freeze-drying
of
ultrathin
cryosections
have been applied
to
examine
the retention
of sodium, magnesium,
phosphorus,
sulfur,
(chlorine),
potassium and
calcium
in
subcellular
compartments (basal
cytoplasm,
apical
cytoplasm,
mitochondria
and
zymogen granules),
In freeze-substituted
samples
the
phosphorus,
potassium
and
sulfur
concentrations
were 2-3 times lower in all
compartments compared to freeze-dried,
plasticembedded samples,
Intracellular
potassium-tosodium ratios obtained on frozen substituted
and
frozen-dried,
plastic-embedded
samples
were
considerably lower than for cryosections,
Element
gradients
between adjacent organelles were large
in frozen-dried cryosections,
smaller in frozendried plasticembedded samples and insignificant
in frozen-substituted
samples,
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myocardium,
The mixture will polymerize
under specific
conditions
(40), Most elements of physiological
importance,except
for calcium and chlorine,
were
not adequately
preserved,
However, the method
proved to be superior to conventional preparation
methods including
dehydration
and embedding in
Epon 812 with regard to electrolyte
preservation.
Other
preparation
techniques
described
for
biological
EPXMA
comprise the microdroplet method
(38) and air dried
specimens (16,33,37,55)
at
ambient temperatures,
the latter
suffering
from
severe
disadvantages
such
as
chemical
contamination from the surrounding
fluids
(33)
and redistribution
of elements (17), To overcome
these limitations
low temperature
methods have
been introduced,
They include processing steps
following a rapid freezing such as freeze-drying,
plastic-embedding
(30,57)
freeze-substitution
(28,34)
freeze-drying
of bulk specimen
(42)
freeze-drying
of cryosections
(27,48,59)
and
fully
hydrated
bulk specimen (35) or fullyhydrated ultrathin
cryosections
(20,22,23),
All
these methods have a rapid FREEZING-procedure in
common, which is either achieved by bringing the
sample in contact with a liquid coolant or with a
cold metal surface,
Under ideal conditions the
cooling
can be extremely
fast
and lead
to
vitrification
of the sample (12), Unfortunately
the poor thermal conductivity
of the specimen
results
in vitrification
of small volumes at the
specimen surface only, The frozen specimen can be
analysed
either after removal and/or replacement
of the water or in the fully hydrated state,
Freeze-substitution
is based on a slow
replacement of ice by cold substitution
liquids
(e.g.,
acrolein
in diethyl
ether,
(34)), The
substitution
liquid is replaced by an embedding
medium and the polymerized blocks are sectioned
on a dry knife, The process takes up to 3 weeks
and the method is used in several laboratories
(28,32,34,39),
The reports indicate that the loss
of elements can be reduced on the cellular
level,
but it has not been shown yet, that the original
compartmental element distributions
are preserved
quantitatively,
Freeze-drying and plastic-embedding
is based
on removal of the water at temperatures
at or
below
193K, Freeze-drying
might
introduce
artifacts
insofar, as elements in the aqueous
phase will migrate towards the nearest surface(s)
as the drying front proceeds.
Due to the limited spatial resolution
of the
electron probe, this degree of displacement
is
usually
not a problem for intracellular
EPXMA,
whereas measurements in the extracellular
space
where
no
solid
matrix is present
and the
electrolytes
will migrate towards the next cell
surfaces
are compromised (23), The tissue will
then be embedded in either Spurr's low viscosity
resin (54), Epon (30) or Lowicryl (57) and cut on
a dry knife, But as for the freeze-substitution
procedure,
possible intracellular
dislocation
of
elements has not been excluded,
Cryosectioning
for EPXMA of quench-frozen
biological material is a standard
procedure
in
many laboratories
now (2,27,45,48,53,59)
and
after
initial
disagreements
on
sectioning

temperatures
(20,50)
most
workers consider
temperatures around 150K sufficient
to prevent
diffusion,
partial
dehydration,
melting
and
recrystallization
during sectioning,
The sections
are transferred
using cold transfer devices and
analysed in the fully hydrated
state
(18,22,23)
or after
external freeze-drying
(45) or freezedrying in the column to prevent
rehydration
artifacts
(27,48,59),
In this
study 3 different
preparation
methods for rat exocrine pancreas cells have been
compared
to
assess
their
validity
for
quantitative
EPXMA
on the subcellular
level, Rat
exocrine pancreas cells have been chosen as a
model because of their
morphological polarity
which
results
in
good
identification
of
subcellular
regions
(basal
cytoplasm rich in
rough endoplasmic reticulum and apical
cytoplasm
rich
in zymogen granules)
their
interesting
physiological
processes
(exocytosis)
and good
accessibility
for quench freezing with either the
"helium-slammer" or cooper blocks attached
to
pliers,
Materials

and Methods

Freezing
Male rats
(200g) were anaesthesized
with
Nembutal, dissected
and perfused
with KrebsRinger phosphate buffer (KRPB) for 10 minutes,
The pancreas was carefully dissected as intact
organ thus avoiding any mechanical damage, placed
in a buffer
bath and mounted on a frame, The
sample was quench frozen against a helium vapor
cooled copper block (helium slammer designed and
produced by Dr, J, Escaig at the C.N.R,S, in
Paris),
quickly
transferred
to and stored in
liquid nitrogen,
Freeze-drying,fixation,embedding
and sectioning
In order to achieve appropriate
freezedrying
several
requirements
have
to
be
fullfilled,
The volume of the sample has to be
3
small,
preferably
smaller
then 1 mm, The
specimens are placed in a
specimen
holder
(maximum loading
10 samples) the temperature of
which can be recorded and regulated
from 130K400K, The specimen holder is placed in a glass
cylinder which is immersed in liquid
nitrogen,
which acts as a cooling trap or condenser for the
subliming water, The distance
between specimen
and condenser is 1,5 cm, The vacuum system of an
old SIEMSNSELMISKOPIA provided a vacuum better
than 10 Torr at the gauge, The freeze-drying
schedule followed was proposed by Ingram & Ingram
(30), Fixation
was achieved by heating paraformaldehyde powder to 333K and osmium vapor
fixation
by introducing
Oso crystals,
For all
4
these operations it is not necessary
to break the
vacuum, In order to introduce the resin however,
the vacuum was broken by leaking dry nitrogen gas
into the unit, Spurr low viscosity
resin was used
as embedding medium, The blocks were
cured
overnight
at 333K and sectioned
at a nominal
thickness of 200-400 nm using a dry knife and a
Sorvall
MT 5000
or
an
LKB ultratome
V
ultramicrotome,
The sections
were transferred
with an eyelash and mounted on Formvar coated 75
mesh copper grids, carbon coated and analysed,
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the nucleus. Freezing is very good in general,
even though the depth of well frozen tissues
varied from sample to sample, Starting
from the
freezing
front,
the layer of well frozen cells
was up to 60 ,um thick, Contrast in the images was
good in the absence of any post stain and it was
possible to identify
organelles
easily,
Golgi
regions could not be identified
in any of the
preparation procedures, Fig, 2 shows a micrograph
of an ultrathin
wet cut section of a frozendried, osmium vapor fixed sample. Morphological
preservation
was excellent
and
all
the
subcellular
compartments
are
recognizable,
Dehydration of the tissue by freeze drying and
subsequent
infiltration
with
plastic
was
obviously
complete,
The cryosection
in Fig, 3
shows typical
sectioning
artefacts
such
as
compression and chatter
(7) which can also be
observed when using dry knives to cut plastic
embedded material.
Contrast was very good in the
absence of any stain
and the
morphological
integrity
of the cells
was maintained without
chemical fixation,
Holes and cracks in
the
sections
are possibly a result of handling them
with an eyelash ,
As a rule X-ray microanalysis
has been
performed on the cell
layers
closest
to the
freezing
front,
where the dimension of the ice
crystal damage is much smaller
than the probe
size,
suggesting
that
the dimension of any
possible elemental displacement was smaller
than
the spatial resolution
of the probe. Frozen-dried
cryosections
(CS) sections of frozen-substituted
material
(FS) and frozen-dried,
plastic embedded
material (FDPE) were all stable under the beam.
Analytical results
Since the FS samples have been substituted
in an anhydrous acetone/osmium
solution,
the
concentration
ratios
are compared with
FDPE
samples that have been osmium vapor fixed. We did
not measure chlorine
concentrations
in plastic
sections
since the resin contained chlorine,
We
do not know the hydration
of the different
subcellular
compartments in CS samples and to
which degree the resin penetrates the subcellular
compartments in FS and FDPE samples, Table 1
therefore
summarizes the concentration
values
normalized
to sulfur,
the element that most
likely
is least
affected
by
the
different
preparation
procedures
since it is bound to
macromolecules. FS samples clearly show a loss of
potassium,
The K/S ratio is between 2 to 3 times
lower than in FDPE samples. The P/S ratio for ER
suggests, that during freeze-substitution
a major
part of
the
phospholipids
gets
lost
or
redistributed,
The comparison of the P/S and K/S
ratios for ER and AC in FDPE and CS samples
indicates,
that
in FDPE samples a considerable
part of the phosphorus and potassium is lost,
Zymogen granules show a slight loss of potassium
in FDPEsamples compared to CS samples,
whereas
the
other
elemental
concentrations
are not
affected,
To compare another important
parameter
we summarized the potassium/sodium
ratios
in
different
compartments
for
all
the
three
preparation
methods
in Table 2, In apical
cytoplasm, basal cytoplasm and mitochondria
the
ratio
is lower in FDPE samples, This is mainly
due to a loss of potassium,
whereas in zymogen

Freeze-substitution
&!all quench-frozen
tissue
fragments were
placed on frozen dry acetone containing 2% osmium
at 90K, The vials were then placed on dry ice in
an insulated box, The temperature rose from 193K
to 203K in 27 hours and from 203K to 293K in 24
hours, The dehydrated tissue blocks were embedded
in Spurr low viscosity
resin
and processed
as
described
for the frozen-dried
samples,
For
morphological evaluations
the sections were post
stained
with uranyl
acetate
and lead citrate,
Cryosection~
Freezing
of the tissue
against
a helium
vapor cooled copper block results
in a thin
sample with two flat
surfaces one of which is
well frozen (referred
to as the freezing
front).
Tissue
was mounted over liquid
nitrogen
at
approximately 110K with the freezing
front
"en
face" on an aluminium pin using butyl-benzene as
glue, or transversely
to the knife in a vise-type
chuck, Cryosections
were cut with a Sorvall MT
5000 and an FS 1000 cryo attachment,
at 200-250
run nominal thickness
using glass
knives, The
temperature of the knife and specimen was 138128K and 126-116K for the chamber atmosphere.
Sections were transferred,
using an eyelash,
to
75 mesh copper grids
previously
coated with
Formvar, The grids were moved to a grid holder
and sandwiched under a second Formvar film, A
precooled GATANcold transfer
stage was used to
transfer
the grid holder assembly into the
microscope and to freeze-dry the sections at 193K
in the column,
X-ray microanalysis
and quantitation
Analysis
was done in a JEOL 100CX column
equipped with a (S)TEM unit,
a free condenser
lens 1 control
and a LINK 860 series 2 energydispersive
X-ray spectrometer,
The detector had a
resolution
of
148 keV and
was mounted
horizontally,
The
details
for
routine
measurements
are
described
elsewhere
(48),
Standards
for the quantitation
procedure
on
plastic-embedded
samples
were
prepared
as
described
earlier
(46),
Cryostandards
as
described by Hagler et al. (26) and later by Roos
and Morgan (47) were also used,
Three animals were used for the plastic
embedded group and four were used for
the
cryosectioned
group,
Up to 8 cells per animal
were chosen and per cell three spectra
of each
subcellular
compartment were taken and averaged,
The values of the individual
cells
were pooled
and
used
for
the
calculation
of average
concentration
values
and standard
deviations
within an experimental
group, The subcellular
compartments analysed
were: zymogen granules,
mitochondria,
basal
cytoplasm
and
apical
cytoplasm,
Results
Morphology and structural
details
Freeze-substitution
was used routinely
on
all
samples to check for freezing quality and
morphological
preservation,
The micrograph
in
Fig, 1 shows the first cell layers close to the
freezing
front,
The cells
show only
slight
morphological
signs of ice crystal formation in
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FIG, 1, Ultrathin
section
of
quench-frozen,
freeze-substituted
rat exocrine pancreas, Section
poststained,
z = zyrnogen granules,
er= basal cytoplasm,
m = mitochondria.
FIG, 2. Ultrathin
section
of
quench-frozen,
frozen-dried,
osmium-vapor fixed,plastic-embedded
rat exocrine pancreas,
z = zyrnogen granules,
n = nuclei, er= basal
cytoplasm, m = mitochondria.
FIG. 3, Frozen-dried
ultrathin
cryosection
of
quench-frozen
rat
exocrine
pancreas,
Arrows
indicate freezing front,
z = zyrnogen granules,
er= basal cytoplasm,
n = nuclei.
granules
potassium
is
slightly
elevated,
indicating a redistribution
within the cell,
The
situation
for FS samples is that most of the
potassium
is
lost
and
the
original
potassium/sodium ratios are gone,
Discussion
In order to perform meaningful
EPXMA
on
biological
soft tissue, extreme care has to be
taken of each step in the preparation chain,
These steps are: (i) specimen treatment
before
physical
fixation
(freezing),
(ii)
freezing,
(iii)
dehydration,
(iv)
vapor fixation,
(v)
sectioning,
(vi) transfer of the specimen to the
microscope and (vii)
exposure to the
beam.
Different
treatments
of the pancreas prior to
freezing have been reported (43,45), Unlike those
studies
we tried
to avoid additives
such as
cryoprotectants
in the perfusion
medium and
stress
exerted
on the tissue by cutting it into
small pieces, Even though no cryoprotectants
were
used, the freezing was good and reproducible,
due
to the very low temperature of the metal mirror
(15), We did not check our samples for amorphous
ice,
but examined all
the
frozen
samples
routinely
for
freezing
quality
by freezesubstitution,
Freeze-substitution
takes
place
above the devitrification
temperature for water
and one might expect ice-crystal
growth to occur,
Freeze-substitution
will represent a "worst case"
situation
and we are therefore confident that our
freezing
method does not produce gross ice
crystal damage which would lead to redistribution
of the analysed elements, Further processing of
the quench-frozen samples includes a dehydration
step,
either
by replacing water with anhydrous
acetone
(FS)
or
subliming
water
at
low
temperatures
before
(FDPE) or
after
(CS)
sectioning,
Whereas
partial
rehydration
is
usually
not problematic for FS samples, the very
hydrophilic,
frozen-dried
samples
are
more
difficult
to handle,
For FDPEsamples we made
sure,
that
there was no contact
with
the
atmosphere (breaking the vacuum with dry nitrogen
gas, etc.), The fully-hydrated
cryosections
were
transferred
into the microscope and frozen-dried
in the column ("internal
freeze-drying") ,
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of
osmium and exposure to acetone at room
temperature in the last step of the substitution
procedure and is in contradiction
to what has
been reported
for plant tissue,
Retention of
elements
might
improve
by using
more
sophisticated
substitution
protocols,
But since
we were interested
in finding
a preparation
method which provides us with reliable results in
the shortest possible time, we did not consider a
20 days freeze-substitution
schedule practical
for our purposes,
Elemental loss is less pronounced in FDPE
samples, but still considerable,
Especially the
phosphorus and potassium values are lower in
basal and apical cytoplasm, One explanation could
be that membrane phospholipids get dissolved
and
redistributed
by the highly hydrophobic resin, As
a result the membranes get leaky for potassium,
thus leading to potassium loss from the cell, The
intracellular
potassium-to-sodium
ratio
is an
important parameter if one is interested
in
stimulation of exocrine glands,
A preparation
method for such tissue must therefore preserve
the original elemental ratio, We found that the
potassium-to-sodium
ratio
is most pronounced in
cryosections and least pronounced in FS samples,
We conclude, that plastic-embedding disturbs the
potassium-to-sodium balance within intracellular
compartments mainly by redistribution
and/or loss
of potassium,
Cryosectioning
is
a
standard
procedure in our laboratory
and not more time
consuming than any of the described
"plastic"methods, The results from cryosections seem to be
more reproducible
as indicated
by the lower
standard deviation
of the measurements, This is
probably due to the fact that dry cut plastic
sections
are thicker
than cryosections and the
analysed volume might include
partly
other
structures
than the subcellular
compartment one
seems to analyse,

TABLE1
Elemental concentrations
as measured on FS, FDPE
and CS samples normalized to sulfur(=
100),
ZG = zymogen granules,
AC= apical cytoplasm,
ER= basal cytoplasm and M = mitochondria,
COMPARTMENT

FS

ZG

AC

ER

M

ELEMENT
Na
40
Mg
10
p
45
K
36
Ca
6

65
34
166
56
2,4

116
39
48
87
6,4

74
7
202
57
4,8

16
5
19
31
6,8

46
23
209
121
4,0

100
50
531
288
4,8

41
16
216
142
2,2

15
6
18
18
7,7

89
41
480
304
9,4

168
102
1324
732
9,4

49
25
294
198
4,0

Na
Mg
FDPE p
K

Ca
Na
Mg

cs

p
K

Ca

TABLE2
Intracellular
potassium-to-sodium ratios in
different subcellular
compartments after different preparation methods, AC= apical cytoplasm,
ZG = zymogen granules,
ER= basal cytoplasm,
M = mitochondria, FDPE = frozen-dried,
plasticembedded, FS = frozen-substituted,
CS= cryosectioned,
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COMPARTMENT

FDPE
FS

cs

AC

ZG

ER

M

2,61
0,85
3, 39

1.81
0,91
1, 15

2,88
0,75
4,36

3,45
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4,00
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L, Edelmann: By comparing Fig, 1 with Fig,2 it
is
immediately
evident
that
large
shrinking
artifacts
are present in the FDPE sample (large
free spaces between the cells),
According to our
experience this may be due to incomplete
drying
at a sufficient
low temperature; upon warming
subcellular
redistribution
of ions
is
then
conceivable,
I suggest
to try longer
freeze
drying times and also to avoid Oso4 vapour
fixation.
Authors: Building
the freeze-dryer
we followed
the description
given by F,D, Ingram & M,J,
Ingram (30),
However, we found that it is more
convenient and easier to introduce the resin with
a partly
open lid,
using dry nitrogen gas to
flush the chamber continuously.The
temperature of
the specimen was always kept at least 30 degrees
above the condenser
temperature.
We therefore
assume that the tissue was not exposed to water
vapor, We do not use molecular
sieves
(for
details see ref, 48),
Shrinking
artifacts
in
Fig,2
are
indeed
relatively
large, We did not measure to which
extent
shrinkage occurred, but it varied from
sample to sample, which might
reflect
the
difference
in sample size, If shrinkage is, as
you suggest,a
sign for incomplete
drying,
we
agree that redistribution
might have occurred.
With the protocol employed (48) we are,
however,
confident
that
our freeze-drying
procedure was
adequate, As for the FS samples we agree that
more sophisticated
protocols
might improve the
results,
But as discussed,
we do not
find
preparation
methods very useful
that last for
three weeks and longer and therefore
tried
a
shortened
version,
especially
since
no
quantitative
data on the subcellular
level for FS
samples have been reported so far.
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Discussion

with Reviewers

A,T, Marshall:
I find this paper disturbing
in
that you are implying that
cryosectioning
is a
superior
method
to
freeze-substitution
and
freeze-drying,
What the paper may show is that
your
procedures
for freeze-substitution
and
freeze-drying
were inadequate,
I am not convinced
that you took adequate precautions with these two
procedures,
The freeze-substitution
procedure
which you employed has been long known to be
inadequate in comparison to other methods (see
Van Zyl et al, Micron I:213-224,
1976.)
H,Y, Elder: For freeze drying you can place the
specimen in a holder, the temperature
of which
can be recorded or regulated from 130K-400K, Give
reference to this or give further details please,
You can introduce Oso crystals without breaking
the vacuum, Is this as 4described in reference 30?

H.Y,
Elder:
Approximately
what
were
the
dimensions of your "small tissue fragments"
used
in freeze substitution?
Do you know what the time
course of the "overnight slow warm-up" in acetone
was? (in our laboratory we have found that 1-2
weeks in acetone at
-8o 0 c,
with
Reriodic
agitation
are required to dehydrate mm3 tissue
blocks to the center and that diethyl
ether,
at
twice the dehydration
time, is a much superior
substitution
fluid for EPXMA),Do you think that
when your tissues warmed above o0 c any remaining
water in the center might come out sufficiently
rapidly to cause an acetone/water mixture capable
of causing the observed electrolyte
losses?
Authors:
The tissue was quench-frozen against a
cold copper block, The result
is a very thin
sample ..QOO .,um,
The fragments used were
2
approxi~tely
1-2 mm large and had a volume of
~0.4 mm, Tissue fragments with such a small
volume and a high surface to volume ratio
should
be
dehydrated
even
with
relative
short
substitution
times,

- or give more details please, Why do you have to
break the vacuum to introduce
resin
(c,f,
reference 30)?
H,Y, Elder:
You state
that
there has been a
redistribution
of Kin
the cells
in the FDPE
samples,
Do you think that this is caused
entirely
by movement in the non-polar
resin?
Despite
your stated
precautions,
could your
tissue have been exposed to water vapor at the
time of removal from the drier? Is the glass
outer cryo-trap removed from the LN2 Dewar at
this
time and if so what happens to the cryotrapped water? Do you include
"molecular
sieve"
in the chamber? And if the specimen holder is
removed while the outer chamber is kept in the
Dewar, how do you keep the specimens dry until
resin embedded?

K. Zierold:
The ice crystal
size
in
the
cryosections
(Fig,
3) seems to be larger than
after freeze-substitution
(Fig,
1) and freezedrying followed by plastic embedding, How do you
explain this phenomenon?
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Authors: The variation
in ice crystal
due·--to the preparation
procedure,
freezing, We are looking at different
Fig , 3 and Fig , 1 ,

methods for quantitative

size is not
but to the
samples in

G,M, Roomans: On one hand you use freezesubstituti~to
check the quality
of
your
freezing
(which is very good), but on the other
hand you point out that freeze-substitution
takes
place above the devitrification
temperature and
that ice-crystal
growth might be expected,
Isn't
that contradictory?
Authors:
Not really, We state that checking the
freezing quality using FS represents a worst case
situation
because it is not possible to freezesubstitute
below the devitrification
temperature,
Besides,
our samples are probably not vitrified
to start with, A recent study (R,A, Steinbrecht
( 1985), J, Microsc,
140, 41-46) shows that ice
crystal growth is a much slower process
than
anticipated
before,

EPXMA

~_!:l_agler:
Have you had a chance to compare
freezing results obtained from the helium vapor
cooled metal block versus nitrogen cooled copper
blocks?
Authors: We could compare freezing
results
and
Fig,3 shows the tissue
frozen with nitrogen
cooled copper blocks attached to pliers,
The cell
layers
close to the freezing
front
are well
frozen, but the depth of well frozen tissue
is
reduced
compared
to "helium freezing",
The
freezing with the helium-slammer seems to be more
reproducible
(90% of the samples are very well
frozen)
because it is
independent
of
the
operator.
G,M, Roomans: How do you envisage a regulatory
of K+ ions
role for phospholipids in transport
across
the
cell
membrane in a completely
dehydrated cell?
Authors: One explanation
for
the
loss
of
potassium in resin
embedded samples might be,
that the phospholipids
of the membranes get
dissolved
in the hydrophobic resin, The membrane
would then be a physically disrupted barrier,

K,
Zierold:
Your main
result
is
that
intracellular
element
gradients
are
better
preserved
in cryosections
than after
freezesubstitution
or freeze-drying
followed by plastic
embedding,
Is this
result
specific
for the
studied tissue type or does it generally hold for
cells?
Authors:
Since there
is only a few if any
quantitative
EPXMAstudies
with FDPE and FS
samples at the subcellular
level, the results
reported have to be considered to be specific for
the studied tissue,

K,
Zierold:
The comparison
of
element
concentratiOns
found in cryosections and after
freeze-drying
followed by plastic embedding shows
differences
not only for the diffusible
ions such
as sodium and potassium, but also for elements
mainly
bound
in
macromolecules
such
as
phosphorus, How do you explain this result?
Authors: We think that
especially
the membrane
phospholipids
might be partly dissolved in the
hydrophobic resin, leading to redistribution
of
phosphorus within and loss out of the cell,

L, Edelmann: It would be interesting
to know what
percentage of ions (especially
K+) is lost
from
the cells into the embedding medium after freeze
drying and embedding, Did you determine elemental
loss by radioactivity
measurements or did you
analyse
large areas
in cryosections
and
in
sections
of FDPE tissue? Did you find Kin the
embedding medium?
Authors: We do not know the percentage
of ions
that
is lost
into
the resin
and we did not
determine the loss by means of radioactivity
measurements,
Since the resin has been changed
once before polymerization and the tissue
volume
is very small compared to the volume of resin it
was not possible
to detect
potassium in the
embedding medium using EPXMA,

K, Zierold: Why are high intracellular
gradients
in the element concentration
closer to the native
state
than lower ones? Can you exclude element
specific segregation or precipitation
artifacts
caused by freeze-drying?
Authors:
Upon freeze-drying
solutes
will be
deposited at the next solid surface as the drying
front
proceeds, We can not exclude precipitation
and segregation,
However, we are analysing
whole
organelles
(e,g,
mitochondria)
and relatively
large areas (e.g. basal cytoplasm), so that
the
analysed area is much larger than segregation and
precipitation
artifacts,
If they really do exist,
they will affect
the FDPE samples in a similar
way, so that a comparison of FDPE and CS samples
still makes sense.

H.K.
Hagler:
Have the
authors
noted any
morphological changes in their externally
freezedried cryosections
that might be attributed
to
lipid melting at room temperature? This would be
in addition
or superimposed on any rehydration
changes which might also be encountered
when
using external freeze-drying,
Authors:
Externally
frozen-dried
cryosections
showed signs of rehydration
(blurred details),
We
do not know to what extent these morphological
changes can be attributed
to lipid melting,
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